In order to include specific adsorption of ions, we introduce the inner Helmholtz plane (IHP) within the Stern layer, where the ions get immobilized as shown in fig. S2 (a). The IHP is taken to be at a distance ( IHP ) from the functional layer. The specific capacitance of this inner layer is given by IL = 0 r--IL IHP , where r--IL is the dielectric constant of the region between the functional layer and IHP. We can now differentiate two cases of specific adsorption namely due to electrostatic interaction with the charges in the functional layer (case 1) or due to a direct chemical interaction with (functionalized) graphene (case 2).
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with the first term referring to cations and the second to anions. Here we have assumed that there is only one binding constant each for the cations and anions although the individual type of ionizable group (represented by i and j) may be different. This detail may however be easily incorporated by introducing functional group-specific binding constants ! and ! and performing the summation over the entire fractional term instead of doing it only for the numerator. The potential at IHP is given by
with OHP OHP given by equation (1). In equation (SIeq1) the 0 terms are dependent on 0 , which in turn depends on IHP es . So, we have to introduce 0 as an unknown in addition to
OHP . Now the charge density at the functional layer 0 is given by equation (6) by replacing 0 OHP with just 0 . Finally the charge and potential in graphene are related by equations (8) and (9), again by replacing 0 OHP with 0 . Now, we have two unknowns OHP and 0 and they can be obtained at every triple pH, I , ecG by solving the system of equations
Case 2: Specific ion adsorption due to chemical interaction with graphene
In this case, we can write the equilibrium for the binding of ions as
Equations (8) and (9) are still valid at the graphene plane and we can obtain OHP by solving the transcendental equation
In both the cases we have assumed that the density of adsorbed ions ( IHP es or IHP !! ) occurs separately at the IHP. Alternatively, they can be considered to occur directly at the plane of the functional layer and the net charge on the functional layer taken as a sum of the charge due to ionizable groups and due to specifically adsorbed ions. We have simulated both these cases and we did not see a difference in the estimated values of pI / pzc, most likely because the specific capacitances Stern ad IL (see below) are very similar. We have discarded multivalent ions here to keep the treatment simple. The goal here is to get a qualitative agreement of the measurements with the model, which is already achieved using this treatment, as will be seen later.
Figue S2(b) presents the results of the Dirac point modulation (as a function of pH and ionic strength) by including specific adsorption of ions. For this simulation all the parameters are same as that of figure 1 except that specific ion adsorption is included. For this case we have taken that only anions interact with the graphene surface (i.e. gr = 50 mol -1 L and fig.S2 (c) it is apparent that the pH-dependent Dirac point curves do not cross at the same pH value. Fig. S2 (d) presents the difference curves for the three different ionic strengths (1 mM, 10 mM and 100 mM) with respect to the reference curve at 1M IS. It is apparent here that the zero crossings shift to lower pH as the ionic strength reduces. The net surface charge density is overlayed over these curves, where it can be seen that the difference curve (1 M -1 mM) gives a good estimate of the position of pI of the surface.
In figure S3 , we compare the case of cations versus anions and show that in the case of cations adsorbing on the surface, the shift in the zero crossing is towards higher pH. An important consequence is that by analyzing the pH-dependent difference Dirac curves for at 
Model Parameters
Here, we present a discussion of the model parameter values, which yield the simulated curves in the presented figures. The most important parameter is the pK a of the individual ionizable groups which are as follows: in equations 4-6), which signifies the relative contribution ("weighting factor") of the various functionalities to yield the net surface charge. We set this density to be 1 for graphene and vary the densities of other functionalities relative to this value. SiO 2 has two sets of ionizable groups, where the protonation with
SiOH has a slightly lower density. We arrive at 0.15 for p a1 SiOH (15% as discussed in main text) and 0.135 for p a2 SiOH after iterative fitting of all the measured data under the condition that this factor is the same on all samples. Using these values, the pI of the SiO 2 substrate alone is 3.4 consistent with values reported in the literature. The K values for specific ion adsorption are discussed above and were the same for all the simulations. The relative charge densities ( max ABA and max ANI ) are allowed to vary in order to fit the modelled curves with the measured data. This value is found to be 1.2 for pABA data in fig. 4 (a) and 1.5 for pANI in fig. 4 (b). The charge density for specific adsorption max !! was found to be 0.07 (7% as discussed in main text, but varies slightly from 6 to 8% from one device to the other). Taking all this together we can specify the following parameter set for Gr/pABA: fig.1 , S1, S2 and S3 are : pK a = [7, 7] , max = ! −1,1 ,
! , m = 0.5 and similar capacitances as given above. The other parameters are above.
Buffer solutions
In order to carry out the planned experiments it is necessary to carefully prepare a range of buffers over a broad pH range. However, precaution has to be taken to ensure that the buffers do not directly interact with graphene or the surface functional groups. Moreover, the buffer strength and most importantly the buffer capacity has to be kept as constant as possible in order to avoid any inhomogeneous charging of the ionizable groups 5 or to avoid unnecessary shifts in the transfer curves of the graphene devices. In order to prepare buffers including all these considerations we have accurately calculated the composition of the buffers. Before we decide for a specific buffer composition, we ensure that the direct interaction with graphene is minimal by running the entire pH-IS cycle as in figure 2 . Specific buffer compositions which interact with graphene lead to unrealistic shifts in the position of Dirac point or bring in irreversible changes to the transfer characteristics. These buffers are iteratively replaced with alternate buffer composition to arrive at the final set of buffer compositions. The buffer concentration is in the range of 1-3 mM for all ionic strengths. The total ionic strength is adjusted using NaCl. The buffer capacity is in the range of 1-5 mM for all the buffers used in this study. The various buffers used were: phosphate (pH 3.3, 4, 6, 7), acetate (pH 5), Tris (pH 8) and carbonate (pH 9.2 and 10). The pH values were verified using a pH meter and the
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variation is found to be less than ±0.1 pH units for the lower ionic strengths and ±0.3 pH units for 1M ionic strength.
NOTES
[N1] Typically such ionizable groups on SiO 2 in silicon ISFETs have been modelled based on the site-binding theory assuming that the total amount of ionizable sites remains constant. 5, 6 Moreover, the silanol groups are treated as amphoteric groups. In contrast, the attached functionalities on graphene are not amphoteric and hence we model this by differing densities of the attached functionalities, and are specified by their relative strength with respect to that of graphene. 3, 7 Using this formulation we obtain a rather good agreement in all of our measured devices.
[N2] It is worth mentioning that an opposite definition of IEP / pzc is very often used in the area of colloids, that rely on zeta potential measurements. 8, 9 The presented situation is to be clearly distinguished with experiments on zeta potential measurements where the IEP is often said to be at a pH at which the net charge at the shear plane is zero. In our experiments we clearly do not have a shear plane because of the complete absence of flow and an interface such as that is absent here. Irrespective of the definition of pzc / IEP we are able to identify both situations using our presented model and measured results.
[N3] Note that we can however not correlate directly the density of functional groups to the thickness of the functional layer S7 Figure S1 . Simulated charge-potential relationships at the graphene-liquid interface. Same as in figure 1 except that off = 0. In (d) all the difference curves are plotted where it can be seen that the zero crossing pH for all of them occur at the pH value corresponding to the isoelectric point taken for this case in the simulations. Superimposed is also the curve indicating the net surface charge density (on the right axis). Two important aspects are worth mentioning. The zero crossings of the difference curves shift to lower pH values (here only anions were included; there is no shift in the absence of specific adsorption as in fig. S1 ). The pH value of zero crossing of the M-I curve is very close to the value of the pI assumed in the model. The parameters are same as in fig. 1 (also see fig. S1 ) with the additional parameters of specific adsorption discussed in the text here. Figure S8 . Comparison of the evolution of IEP (simulated) as a function of density of functionalities max FL for two different types of functionalities each with a different pK a . It is apparent that the maximum pI attainable on the functionalized graphene surface using a selected functional group is determined by its corresponding pK a . Figure S9 . Effect of density of functionalities and substrate on the isoelectric point of functionalized graphene. (Extended data set for the data in fig. 5(a) ). The pH value of zero crossings for the case of M-I, M-X and M-C are collected for devices fabricated on (a) Set 1 (dry oxide) and (b) Set 2 (wet oxide) substrates. The density of silanol groups is lower in the former in comparison to the latter type of substrates. It is apparent that the zero crossings shift down in pH in the order M-I , M-X and M-C for both sets of substrates signifying a predominant anion adsorption. However, for very large thickness we see an inversion in the trend of zero crossing. This indicates increased cation adsorption at high polymer thickness, presumably because of increased interaction of the ions with the functional groups of the pABA layer (in comparison to graphene).
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Figure S10. Tuning the isoelectric point of graphene. Raw data corresponding to figure 6 showing the measured Dirac profiles for the two ionic strength values (I and M) at the initial stage and after every ECM. The color coding is the same as in Fig. 6 .
